Nam, September 16, 2015. The pre-conference workshop provided an opportunity for medical geneticists and genetic counselors from across 10 Asia Pacific countries to learn about the varied genetic counseling practices and strategies for genetic counseling training. This paper provides an overview of the current status and challenges in these countries, and proposed course of unified actions for the future of the genetic counseling profession.
Introduction
Genetic counselors are healthcare professionals who are trained in medical genetics and psychosocial counseling. They work in partnership with clinical medical geneticists or other medical specialists (e.g., perinatologists, medical oncologists, neurologists, etc.) in providing genetic counseling for patients and their families who are known or suspected to have a hereditary condition. Over the years, genetic counselors have been increasingly sought out to work in clinical, research, public health, and laboratory settings. Globally, the varied pace of professional development for genetic counselors can be attributed to the diverse country-specific social, economic, cultural, and political landscape (Yashar and Peterson 2013) . While there is a common genetic counseling goal of providing an opportunity for patients to understand and incorporate genetic information to make informed decisions (Ciarleglio et al. 2003; Hodgson and Spriggs 2005; Veach et al. 2007) , the strategies to achieve these outcomes vary within and across countries (Pour-Jafari and Pourjafari 2010) . Given the increasing number of individuals seeking genetic testing and the expanding utilization of genomic technologies in assessing a patient's disease risk, diagnosis and prognosis (Austin 2016; Jimenez-Sanchez 2015; Saqi et al. 2016) , there is an urgent need to increase availability of qualified genetic counselors across the globe.
In the Asia Pacific region, some countries have no formal genetic counseling services, while others have existing training programs (Chien et al. 2013; Chiyo and Tamura 2005; Laurino and Padilla 2013; Lee and Thong 2013; Sahhar et al. 2013) . These disparities and the need for clinical and research genetic counseling services across the region served as the context and impetus for the establishment of the Professional Society of Genetic Counselors in Asia (PSGCA), a special interest group that abides by the bylaws and constitution of its parent society, the Asia Pacific Society of Human Genetics (APSHG). The PSGCA's vision is to be the lead organization that advances and mainstreams the genetic counseling profession in Asia, and to ensure that all individuals have equal access to genetic counseling services. The PSGCA's mission is to promote quality genetic counseling services in the region by fostering practice and curricular standards, research, and continuing education. Further, the PSGCA will contribute to the expansion of the knowledge base for genetic counselors through collaborative research and will actively participate in developing culturally appropriate policies (PSGCA 2015) . Specifically, the PSGCA aims to: 1) expand access and delivery of quality genetic counseling services in Asia; 2) foster partnership among Asia Pacific countries for genetic counseling student didactic training, clinical rotation opportunities and ensuring quality training programs by maintaining minimum standards; 3) promote genetic counseling research; 4) participate in policy development; and, 5) ensure professional development and continuing education opportunities for genetic counselors practicing in Asia. The PSGCA's current endeavors are of utmost importance as genomic technologies are increasingly incorporated into population-based and clinic-based healthcare delivery systems in the region.
Genetic Counseling Pre-Conference Workshop
Advances in medical genetics and genomic technology have increased the global need for genetic counseling services in clinical and research settings. Presently, the Transnational Alliance for Genetic Counseling (TAGC) lists over 50 genetic counseling programs, and only 13 countries in the Asia Pacific region are reported to offer such training (TAGC 2016) . To better understand the current status and challenges faced by genetic counselors practicing in the region, the PSGCA's pro tempore leadership and the Global Health Genetics Group coorganized the Genetic Counseling Pre-Conference Workshop (GCPCW) during the 11th Asia-Pacific Conference on Human Genetics (APSHG 2016). To provide country-specific context for the practice of genetic counseling, country representatives who are primarily genetic counselors or medical geneticists across the Asia Pacific region were invited to attend the GCPCW. Although the organizers had planned on having a representative from each Asia Pacific country, participation was challenged by the lack of travel funding of interested participants and the difficulty in systematically knowing the existence of genetic counseling initiatives in some countries in the region. Overall, there were 10 participating countries with representatives accepting our request. During the GCPCW, country representatives provided a country report on the current clinical genetic counseling services, availability of genetic counseling training programs, and ongoing initiatives.
Status of Genetic Counseling in the Asia Pacific Region: Report from Ten Countries
We provide an overview of the current status of genetic counseling service and training across the 10 participating countries (Table 1) . It is important to note that we strived to 1994 and a code of ethics was ratified by the Society's membership in 2000 (ASGC 2017b). Currently, the ASGC has grown to more than 300 members (ASGC 2017a).
Hong Kong
The genetic counselor to population ratio is estimated at 1: 2, 000, 000, while the clinical geneticist to population ratio 1: (2017) currently employs one clinical geneticist and one genetic counselor. The roles and responsibilities of the genetic counselor practicing in Hong Kong include, but are not limited to, the following: 1) providing genetic counseling to patients and families; 2) facilitating the process of informed decision making; 3) following-up on laboratory and diagnostic work-up; and 4) overseeing the logistics of genetic testing of patients and family members. In the academic setting, genetic counselors are also involved in educating health professionals and the public about genetic counseling and research participation. Aside from the clinical work, genetic counselors in Hong Kong have other areas of collaboration, which include research activities, writing manuscripts for publication, and coorganization of workshops and trainings for healthcare professionals about genetics. Genetic counseling training is available as specialized modules of a Master of Medical Science (Genetic Counseling) degree (OBGY6600 2016). This program currently consists of introducing concepts of biology and genetics, developing counseling skills, learning about various genetic tests and interpretation of genetic testing reports, learning about application of genetic counseling knowledge to public health, introduction of ethical issues and clinical rotation in various clinics (prenatal, pre-implantation genetic diagnosis, and pediatrics). Workshop training targeting nurses, especially those with 2 years post-registration working experience, is available at the Institute of Advance Nursing -Hospital Authority program (HA n.d.). The three-day workshop consists of introducing concepts of biology and genetics, genetic testing techniques, counseling skills and ethical issues. There is limited availability of trained genetic counselors in Hong Kong considering its increasing population and demand in both the private and public health sectors. The establishment of clinical genetics services in the new children's hospital in 2018 will add to the current demand for genetic counselors in the country.
India
In India, the genetic counselor to population ratio is exceedingly low, due to a population of 1.2 billion people and currently less than 100 genetic counselors (India Office of the Registrar 2016). Primarily, the roles and responsibilities of genetic counselors in India include clinical work up by identifying appropriate tests, offering psychosocial support for patients, and physician support. Some genetic counselors assist with molecular wet lab work, writing laboratory reports and other administrative roles. Currently, there are four genetic counseling training programs in India that are recognized by the Board of Genetic Counseling, India (BGCI). Two of these are two-year Master's degree programs whereas the other two are one-year post-graduate certificate programs (BGCI 2016) .
There is also a one-week training program in Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, which is only offered to those who have completed a post-medical or master's degree. Briefly, the BGCI was recently established in 2015 and it aims to certify genetic counselors, accredit courses and institutions for training, and provide continuous education to upgrade knowledge in the rapidly evolving field of genetics and genomics (BGCI 2016) . It is currently proposed by the BGCI that genetic counseling training programs should be for two years with an emphasis on basic theory of genetic counseling, laboratory exposures, patient interactions, and communication skills in Year 1 and clinical placements in Year 2. A major challenge in the development of genetic counseling in India is the general lack of awareness about the profession and a scarcity of trained and/or qualified genetic counselors and physicians (Elackatt 2013 ). This poses a challenge given the demand for genetic counselors in India is anticipated to increase because of the expansion of private hospitals, fetal medicine centers, cancer centers and establishment of genetic testing laboratories. This challenge is compounded by a limited number of qualified mentors to supervise the training of genetic counseling students.
Indonesia
The genetic counselor to population ratio in Indonesia is ap- There is a lack of government recognition for genetic counselors' training and no government posts were created for genetic counselors. As such, the two genetic counselors in the university hospitals are employed as 'science officers.' Hence, there is a need for formal governmental recognition for genetic counseling in Malaysia. Further, scholarships for potential genetic counseling students and additional budget for fellowships training is essential. These efforts will improve training and professional development for genetic counselors and subsequently improve patient access to genetic counseling services. Similar to the trends in developed countries, private genetic laboratories are also growing in Malaysia; however, not all include genetic counseling as part of their services.
Philippines
The genetic counselor to population ratio in the Philippines is 1:16, 390, 000, while the clinical geneticist to population ratio is 1:10, 930, 000 (Padilla and Cutiongco-de la Paz 2013; Philippine Statistics Authority 2016). There is an increasing demand for genetic counseling services in the country because of the expansion of the Philippine Newborn Screening Program and various public health genetics programs, including the Birth Defects Surveillance Project, Telegenetics Referral System and the establishment of the Philippine Genome Center (Padilla & Cutiongco-de la Paz 2016) . Clinical genetic counseling services are provided by medical geneticists, genetic fellows, and genetic counseling students while supervised by clinical preceptors. The genetic counselor roles include patient and family medical history taking, risk assessment and counseling, and provision of psychosocial support to patients and their family members. Genetic counseling services are primarily available in government tertiary level facilities but there are plans to improve access to genetic counseling services in the periphery through the continuity clinics attached to the National Newborn Screening Program (Padilla 2003; Padilla et al. 2012) . Given the demand for genetic counselors in the country, the Master of Science Genetic Counseling (MSGC) program was instituted at the University of the Philippines Manila in 2011 (Laurino and Padilla 2013) . Clinical rotations are held at the Philippine General Hospital. The curriculum was specific to the needs of the Philippine population and emphasis on the vital role of genetic counselors in the public health setting, while being cognizant to the social, cultural and religious perspectives of the Filipino people (Abad et al. 2014; Cura 2015) . A barrier in the early part of curriculum development was the insufficient number of trained professionals in genetics who could serve as faculty and this was addressed by recruiting faculty from abroad (Laurino and Padilla 2013) . To enhance student training, a memorandum of understanding between University of the Philippines Manila-Stanford University Genetic Counseling Program was also established in 2011, and students participate in virtual genetic counseling case conferences over Skype (Ormond et al. 2012) . In addition to the basic roles and responsibilities of genetic counselors, graduates of the program are also expected to manage patient registries, organize and mobilize patients to form support groups, serve as educators to other health professionals, participate (or lead) in research studies, manage genetic services programs, and participate in the formulation of clinical genetic counseling practice guidelines. Employment opportunities for genetic counselors include the Newborn Screening Centers and continuity clinics located strategically nationwide, as well as specialty clinics in either government or private healthcare institutions. Future directions include the establishment of the Philippines National Society of Genetic Counselors and the publication of genetic counseling practice guidelines to address bioethical, religious, and sociocultural needs of Filipino patients, their families, and the nation as a whole.
Singapore
In Singapore, the genetic counselor to population ratio is 1: 1, 080, 000, while the clinical geneticist to population ratio is 1: 675, 000 (Singapore Department of Statistics 2016 Future directions include, but are not limited to, the following: 1) facilitate member's genetic counseling competence; 2) advocate genetic counseling among patients and the public; 3) promote professional development opportunities; and 4) establish licensure for genetic counselors.
Thailand
The clinical geneticist to population ratio is estimated to be 1: 4, 000, 000 (Shotelersuk et al. 2014; National Statistical Office 2016) , and there are no in-country practicing genetic counselors specifically employed to serve the Thai people. At present, healthcare professionals such as nurses provide the needed service in maternal and child health centers. With the number of patients diagnosed with thalassemia in Thailand and the support of the Thalassemia Foundation of Thailand, the Ministry of Public Health has proposed the policy to prevent and control Thalassemia disease (Shotelersuk et al. 2014) . It is currently estimated that about 1% of Thai people have Thalassemia disease and about 35% are carriers of Thalassemia (Wanapirak et al. 2004 ). As such, genetic counseling plays an important role in the prevention and control of thalassemia disease in Thailand. Since 1998, genetic counseling was incorporated as part of the Chiang Mai strategy and offering it to a pregnant woman to discuss the implications of genetic testing for thalassemia carrier status (Wanapirak et al. 2012) . For genetic counseling training of local healthcare providers in Thailand, short course training (usually 3-5 days) is available and most of these courses are based on thalassemia disease or Down syndrome (Wasant and Rajchagool 2009) . These courses are integrated in the curriculum of academic programs in health sciences, nursing or medicine since there is no formal degree training in genetic counseling. Barriers to establishing a genetic counseling training program in the country include: 1) lack of professional genetic counselors; 2) lack of clinical medical geneticists; and 3) the genetic counselor professional role has not really been fully established. Training of local healthcare providers in genetic counseling is urgent since Thailand's nationwide health policy is now moving towards preventing noncommunicable diseases.
Viet Nam
There are no practicing genetic counselors in the country, while the estimated clinical geneticist to population ratio is 1: 6, 846, 000 (General Statistics Office of Vietnam 2016). Clinical genetic services in the country are currently available at the National Hospital for Pediatrics (NHP n.d.) and Hue University, College of Medicine and Pharmacy (Hue n.d.). Genetic counseling is available through the departments of biology and medical genetics in various medical schools in Viet Nam. These centers offer diagnosis, treatment, and follow -up care of patients with genetic conditions. The current training of genetic counselors in Viet Nam is non-existent. However, there are ten medical schools in the country that offer genetics lectures in their department of biology and medical genetics. Training includes 45 hours of medical genetics lectures for medical students (4th year) that include genetic counseling, and 40 hours of medical genetics for postgraduate courses. While Viet Nam has a large population at high risk for genetic disease and birth defects, there is only basic medical genetics training for students but no established program to formally train healthcare providers in genetic counseling. Most of the geneticists in Viet Nam are trained abroad with PhD degrees, masters' courses, and fellowship training. They provide genetic counseling to patients in prenatal or postnatal settings, specifically in genetic testing laboratories for genetic test result disclosure. With international collaborations, genetic research is primarily conducted by individual practitioners employed at Hanoi's Genetic Research Institute. Future plans include training program for genetic counseling and certificate standards incorporated in the medical school curriculum. While it is promising to know that Viet Nam's local government supports public health related projects focused on Newborn Screening , building a network of clinical geneticists and genetic counselors practicing in clinical, research, and in laboratory settings continues to be essential to address the current gap of practicing healthcare providers who can attend to affected newborns.
Other Countries in the Asia Pacific
Genetic counseling training programs are also available in Japan, Sri Lanka and Korea (Chiyo and Tamura 2005; TAGC 2016) , while other countries in the region are not known to have existing training programs. In Japan, established practice guidelines have been developed for genetic counselors by the Japan Society for Genetic Counseling and the Japanese Society of Human Genetics (JSGC n.d.) . To address some of the challenges experienced by genetic counselors in Japan, Kohzaki proposed establishing a national qualification to enhance recognition of the genetic counseling profession in Japan's medical field (Kohzaki 2014 (Choi et al. 2006) . In subsequent years, Choi and Kim reports on the accountability of the Korean Society of Medical Genetics in the training program accreditation and certification process of non-MD genetic counselors (Choi and Kim 2009 ). Lastly, while China does not have a formal genetic counseling training program, genetic services (e.g., diagnostic testing, screening) are available in both private and public domains (Zhao et al. 2013 ).
Discussion
The PSGCA offers the necessary and desired framework for genetic counselor partnership in the Asia Pacific region. The country reports during the GCPCW characterize the current status of genetic counseling clinical service availability and training opportunities in the 10 represented countries, ranging from countries with no formal training to those with 2 year master's degrees. Genetic counselors and medical geneticists from the represented countries at this meeting reported a need for more services and awareness of genetic counseling in general. In turn, it is essential to use this collective information to collaborate and further develop genetic counseling training programs and services that meet the needs of each country in the context of the existing local public and private healthcare system resources. The discussions during the GCPCW provided insights on the feasibility of an infrastructure to partner with existing genetic counseling training programs. Specifically, online classes may include partnership with genetic counseling schools abroad as part of a genetic counseling student's cultural competency training, along with universal topics/courses in key genetic counseling concepts. And through networking, interested genetic counseling students and/or practicing genetic counselors could benefit from educational opportunities in various Asia Pacific countries. As emphasized by Zhang and colleagues, an international effort is needed towards standardizing training and developing exchange programs to speed up the training process of committed professionals in developing countries (Zhang and Li 2014) . As noted in several initiatives, collaborations have existed within leaders in genomic medicine in the region Zayts et al. 2013 ) that serves as a valuable guide for effective partnerships. Further, participants in the Global leaders in Genomic Medicine symposium in 2014 identified education and workforce development as one of the main initiatives that promotes responsible global application of personalized genomic medicine (Manolio et al. 2015) .
Most importantly, local government support and institution leadership is crucial to the success of any clinical services and research endeavors (Séguin et al. 2008a ). The lack of such valuable support even impacts countries like Korea, with uniform national healthcare insurance policy, since genetic counseling service is not currently well-recognized as a valuable part of the clinical genetics service (Kim 2011) . Despite these concerns, it is enlightening to note that some genomic projects are being financially supported by the local government. To illustrate, the Thai SNP Discovery Project and Thai Centre for Excellence in Life Sciences Pharmacogenomics Project both received generous funding from the Thai government as an effort to better understand the genomic diversity of its population (Séguin et al. 2008b ). In addition, the Philippines' Department of Science and Technology Balik Scientist program provided financial support to recruit experienced genetic counselors from abroad as lecturers for their graduate training program (Laurino and Padilla 2013) . Overall, the PSGCA's existence will hopefully provide the needed additional support to effectively partner with local government officials in forwarding pertinent genetic counseling initiatives within and across Asia Pacific countries.
During this meeting, genetic counselors currently practicing in the region cite their main challenges as the following:
1) Limited availability of professional development and research opportunities; 2) Lack of training program accreditation, professional licensure, and ongoing quest for autonomy;
3) Unclear definition of genetic counselors' professional role and scope of practice; 4) Incomplete integration of genetic counseling services into the healthcare system including specialty areas (e.g. cardiology, neurology, etc.); 5) Lack of published practice guidelines specific for genetic counselors practicing in the Asia Pacific and standards of practice to benchmark genetic counseling competencies; 6) Providing culturally relevant genetic counseling to diverse populations and triaging numerous genetic diseases with insufficient genetic counselor and medical geneticists in the region.
Most importantly, there is no regulatory body that oversees the educational requirements and certification of professionals performing genetic counseling activities in the vast majority of countries in the region. This is of utmost importance since genetic counselors face the challenge to remain current in their knowledge of new technologies and their awareness of resources to evaluate the clinical implications of genomic variants. The development of new genomic tests and therapies has led to high public and patient expectations for improving diagnostic capabilities and treatments, i.e., personalized medicine/ targeted therapies. Although HGSA provides important oversight and some genetic counselors practicing in the Asia Pacific received certification, the needs and daily practice of genetic counselors in the region vary and other options for certification ought to be considered. As such, there is a challenge to define the roles and competencies of genetic counselors practicing in the region to ensure safe and quality care. It is envisioned that certification bodies will be instituted to regulate genetic counseling practice in the region and to advocate for the formalization of the genetic counselor role. This will allow for greater professional recognition and delineation of career progression pathways. Core skills and competencies have been developed for genetic counselors working in Australasia (Sahhar et al. 2013; Sahhar et al. 2005) , Canada (Ferrier et al. 2013) , Europe (Skirton et al. 2010 ) and the United States (NSGC n.d.). As such, it is also important to assess the current roles of genetic counselors working in the Asia Pacific to ensure training programs establishes the minimum set of didactic and clinical training standards.
Future Directions
The PSGCA provides a foundational platform for genetic counselors practicing in the Asia Pacific region to further enhance the delivery of genetic counseling services, professional licensure in our respective countries, as well as mobilization to implement and enhance genetic counseling training programs. These endeavors provide an opportunity for cross-training to increase cultural awareness, research opportunities and effectiveness on the provision of quality genetic counseling services in the Asia Pacific.
To provide guidance for the identification and implementation of priority and sustainable quality genetic counseling services in the Asia Pacific region, the PSGCA outlined the following:
1. Understand the current genetic counseling service delivery and infrastructure and the identification of opportunities for expansion, long-term planning and policy development; 2. Develop and evaluate genetic counseling training program/curriculum and accreditation opportunities; 3. Facilitate continuing education opportunities for genetic counselors and mentorship for genetic counseling students; 4. Advocate awareness and recognition of the evolving ethical, legal, and social issues related to genetic and genomic research, testing, and clinical service delivery.
Conclusion
It was truly a historical moment to officially launch the Professional Society of Genetic Counselors in Asia. As the lead organization to advance and mainstream the genetic counseling profession in the region, we are committed to fostering collaborations with committed individuals across the globe for educational training, research, and advocacy for the future of the genetic counseling profession. Acknowledging the varying social, cultural, and religious affiliations in the Asia Pacific, we will draw upon each other's expertise to promote ongoing networking opportunities to obtain recognition of genetic counselors as an allied health profession, and strategies to further develop quality genetic counseling services in the region.
